Introduction
Studying gorillas is fascinating for anybody. Not only are they themselves very special animals, but the environment where they live leaves an everlasting impression on people fortunate enough to visit.
In his book Extended Family (Groves, 2008) , Colin Groves described how he started to study gorilla skulls in museum collections and how exciting this work was for him. While he examined museum specimens, he remained fascinated by living gorillas and often visited them in zoos. He felt deep empathy for his study animals and did not understand how any researcher could not feel the same. Most impressive for him, however, were the moments when he saw gorillas in the rainforest, even though he did not regard himself as a fieldworker.
When Colin Groves published the results of his PhD thesis on the taxonomy of the genus Gorilla (Groves 1967 (Groves , 1970 , he became an internationally renowned gorilla expert. A very important aspect of his work was the effect of ecology on morphological diversity; he found clear differences between populations living in different habitats. Thus, it became important to examine as many specimens as possible that had lived under different conditions to truly understand this variation at the population and species levels. But for many populations, the available sample size was very small, which is something Colin has continually tried to improve.
In 1971, Dian Fossey, who was aware of the importance of his studies, invited Colin to examine some mountain gorilla skulls that she had collected in the Virunga Volcanoes. This was a wonderful chance, not only to examine more specimens, but also to see wild gorillas. Although he had been aware of the threats that existed for gorillas before, his visit with Dian Fossey, who constantly had to fight for their conservation, was an important experience that led him to support conservation activities -something that continues to this day. For me and my gorilla conservation work, this type of lifelong dedication gives constant encouragement.
Gorillas under threat
Mountain gorillas are the best known of all gorilla populations because they have been studied thoroughly for several decades. On the Virunga Volcanoes, the highest mountains where gorillas live, they range higher than 4,000 m into the alpine zone. But most gorillas live in lowland rainforests. Regardless of forest type, all gorillas make their homes in wooded environments. The same wooded environments humans have been cutting down since they developed their own civilisations -for construction, firewood, agriculture and for other purposes. This has increased dramatically more recently with dramatic human population growth. Additionally, the international demand for timber and forest goods has furthered rates of deforestation. Thus, even where human population density is very low, logging companies build roads thereby opening the forest to people who would otherwise not have access, to slowly enter and settle down. Foreign companies as well as Africans exploit natural resources to their maximum for short-term gain while thinking very little about long-term consequences (Oates, 1999) . Between the 1990s and 2000s, areas suitable for habitation by African apes decreased very fast; the loss of suitable environment appeared highest for Cross River gorillas (-59%), followed by eastern gorillas (-52%) and western lowland gorillas (-32%) (Junker et al., 2012) . In some areas, especially around the mountains of the Albertine Rift, the human pressure on the forest is so high that it results in large areas becoming completely deforested, leaving only small forest islands that are strictly protected. This type of large scale tree felling has been ongoing for many decades and from 1960 to 1996 at least 24% of the eastern gorillas' range was lost (Mehlman, 2007) . This is despite scientists such as Emlen and Schaller stating 'above all, the destruction of habitat by forest clearing must be stopped' in a 1960 publication. As a result of this deforestation some gorilla populations survive in small isolated forest islands that are not connected, introducing the new and real threat of surviving in small, isolated and closed populations, which could lead to further speciation.
While the destruction of habitat is a major threat for gorillas throughout their range, there are more, including: hunting for bushmeat and the pet trade; poaching with snares; conflicts between gorillas and people, especially when gorillas raid crops; disease transmission from humans or livestock as well as epidemic diseases (Ebola); war and political instability that may lead to increased hunting, habitat destruction and general lawlessness. All these problems are addressed by many conservation organisations.
In eastern gorillas, two subspecies are distinguished: mountain gorillas and Grauer's gorillas. The mountain gorillas (Gorilla beringei beringei) found in the Democratic Republic of Congo, Uganda and Rwanda are critically endangered. They live in two distinct mountain areas that have been isolated from each other and from other gorilla populations for a long time. There are 480 Virunga gorillas and 400 Bwindi gorillas, both populations have been growing continuously over the last two decades, mainly because they are monitored and managed intensely (Gray et al., 2010; Robbins et al., 2011b) . Even if the populations are rather small and isolated (and although they face threats like habitat destruction, disease transmission, poaching and political instability), they have very good prospects.
Although the Grauer's gorillas (Gorilla beringei graueri) in eastern Democratic Republic of the Congo are the only gorilla subspecies to be listed as merely 'endangered' according to the IUCN Red List (2014.2) rather than 'critically endangered' like the other species, we should still be extremely concerned about them. It is estimated that there are only a few thousand of them remaining, but their numbers have declined dramatically within the last two decades, mainly because of habitat destruction and hunting -particularly as a side-effect of war (Maldonado et al., 2012) . The smallest known population is on Mt Tshiaberimu, a part of the Virunga National Park, and contains less than ten individuals. When George Schaller made the first survey at the end of the 1950s, there were other gorilla populations nearby (Emlen and Schaller, 1960) , suggesting a dramatic decline has occurred in the past 60 years. Taxonomically, these gorillas are specialised and different from the surrounding species, therefore Colin Groves has always been very interested in them (Groves and Stott, 1979) .
Western gorillas also comprise two subspecies: western lowland gorillas and Cross River gorillas. The less numerous subspecies -and in fact the least numerous gorilla subspecies -is the Cross River gorilla (Gorilla gorilla diehli) found at the Nigeria/Cameroon border and listed as Critically Endangered by the IUCN Red List (2014.2). There are approximately 250-300 individuals living, however, these are distributed in 12-14 small and fragmented populations (Etiendem et al., 2013) . The most pressing threats are the destruction or modification of habitat resulting in further isolation of small populations and hunting for the bushmeat and pet trade. Recently, the genetic work of Bergl and Vigilant (2007) found that there is persistent and recent reproductive contact between many of the smaller populations, which is very good news for the conservation of this subspecies as it suggests genetic isolation may not be as large a threat as previously believed.
Yet, the western lowland gorilla (Gorilla gorilla gorilla), the most widely distributed subspecies, is also listed as Critically Endangered (IUCN, 2012) . According to the most recent estimate (2008) there are still at least 125,000 individuals in existence (GRASP Scientific Commission, pers. comm. 2009 ). The most important threats are epidemic diseases (Ebola), destruction of the forest and hunting for the bushmeat and pet trade. As the distribution area of the western lowland gorillas is also affected by deforestation (and bushmeat hunting that often leads to 'empty forests'), there are certainly many small isolated populations that are poorly known. The best known population of this subspecies lives in the Ebo Forest in Cameroon that lies in-between the range of the Cross River gorilla and that of the main western lowland gorilla. This one population is quite small, however, with an estimate of only 25 individuals or less (Morgan, pers. comm. 2012 ).
The problem with small populations
Traditionally, inbreeding was regarded as the major danger for small populations as limited gene flow results in reduced genetic variability. As early as 1983, Dian Fossey noted certain characteristics that may have been related to inbreeding in Virunga gorillas, but there have not been any signs of inbreeding suppression since then suggesting that this population is not really threatened by inbreeding (Harcourt and Fossey, 1981) . Although genetic variation certainly increases individual fitness and population viability, it is possible that populations can survive and recover from reduced population sizes making inbreeding depression less of a concern than it was previously (Strier, 1993) .
Despite the ability of some populations to rebound from small numbers, the main reason why it is difficult for very small populations of gorillas to survive is their life history. Both sexes usually look for partners outside of their natal groups. Reaching adulthood, female gorillas generally leave the group they were born in and join a new male. They emigrate only if they encounter another male and they may transfer several times before they settle down in the group in which they will stay (Sicotte, 2001; Stokes et al., 2003) . In western gorillas and Grauer's gorillas, male emigration is common, while among mountain gorillas less than 50% of the males emigrate (Stoinski et al., 2009 ). If they leave, they either become solitary or in some populations may join all-male groups (Watts, 2000; Yamagiwa et al., 2003; Robbins et al., 2004) . Solitary males may travel very long distances to find another group to join (Douadi et al., 2007) . Thus, if a large area is completely deforested, it becomes less likely a male will be able to cross it, significantly lowering his chance of finding another gorilla. If this happens, and gorillas do not find suitable partners we will see a futher reduction in population size. In addition, if animals cannot cross among populations then no exchange of genes will be possible further isolating populations.
Should we select gorilla populations we want to save?
Some researchers ask the question whether it is necessary at all to save primates (Chapman et al., 2006; Klages, 2010) , and although primatologists do not see any reason to question this, it is good to discuss it. The main reasons why primates should be saved are: their role as seed dispersers -they affect ecosystem dynamics; their potential as a flagship species for conservation; as well as ethical reasons. All these reasons apply to gorillas in a special way.
There are many conservation organisations -both big and small, international and local -doing their best to protect gorillas. They all complain that they do not have enough funds to do everything necessary to ensure the survival of the gorilla populations they focus on. Everywhere resources for conservation are limited and, as Martha Robbins and others (2011a) state, 'the channeling of resources toward one species is unavoidably done to the detriment of the conservation for other species. Until sufficient money is made available, conservationists will continue to be faced with the dilemma of devoting more resources to save a few species versus spreading resources too thinly to achieve success with any species.'
To concentrate funds to certain species (or in this case, populations) sounds very reasonable, and indeed the species would be saved, although only a part of it. And that is the exact problem: the species' diversity would be lost. Virunga gorillas are a good example of a population that was saved by large funding investments into conservation efforts -but they are a very specialised population, adapted to extreme heights, which is not typical at all for the eastern gorillas, making findings hard to extrapolate. I have been working for a small conservation organisation for 22 years now, and our focus has always been to save small gorilla populations at the periphery of their distribution area as they are especially vulnerable. We want to protect them in their natural habitat for what they are -wonderful animals -but also because research can be done and we can learn from them only if we are able to ensure their survival, perhaps not forever, but for as long as possible. This is true for each population, even the smallest ones that contain less than 10 individuals.
Why is the survival of peripheral populations important?
Only if we can save all gorilla populations that still exist, will we save the whole lot and preserve the great variation Colin highlighted in his PhD work. Relict populations at the periphery of the distribution area in particular carry important genes that are lost if these populations are extinguished. In the sense of the biological species concept, this is especially interesting because 'geographically separated populations often exhibit new, fixed character states differentiating them from close relatives, and these are surely "units of evolution" in all meaningful senses' (Groves, 2001 ).
An especially interesting example is the small gorilla population in Ebo. As it is a relict population in a montane forest area in-between the two western gorilla subspecies, it is very important for our understanding of the evolution and history of this species: 'For quite a number of reasons, therefore, the Ebo Forest gorillas would seem to be a unique and significant population, which should be protected as soon as possible.' (Groves, 2005) .
A very well-studied example of the importance of saving the whole diversity of a taxon is the Cross River gorilla. Genetic diversity is not evenly distributed within the Cross River gorilla population; Richard Bergl and others (2008) found three subpopulations that exhibit different levels of genetic variability. They conclude: 'Loss of either peripheral subpopulation would cause the loss of unique alleles, and loss of the Eastern subpopulation would result in a reduction in heterozygosity and a decline in the effective allele number' (Bergl et al., 2008: 855) .
What would be lost for research?
The evolution of primates is not yet fully understood with new studies often providing novel insights and directions for study. For reliable results, it is necessary to know as much as possible about living animals, and especially about their environment. Colin Groves noted in 1970 that morphological differences are connected with ecological differences (i.e. the height in which the respective gorilla population lives). 'Thus in phase with the changes in morphological pattern within each of the three subspecies, there are corresponding gradation in altitude, temperature and rainfall' (Groves, 1970) .
Since he wrote this, taxonomic methods have changed fundamentally -genetic methods were added to the repertoire making it possible now to analyse relatedness of different populations irrespective of possible effects of phenotypic plasticity. Colin Groves wrote in 2001: 'The coming of "molecular methods" has revolutionised our understanding of evolution more than it has taxonomy.' Genetic analysis allows taxonomists to work with noninvasively collected samples -they can even study animal populations that are not represented in museum collections and that no researcher has ever seen (Thalmann et al., 2006 (Thalmann et al., , 2011 .
Since genetic methods were developed, they have been used for studies with a wide range of subjects. They have helped us to understand dispersal patterns, mating systems, reproductive strategies, and the influence of kinship on social behavior. Genetic analyses can show whether a population lost genetic diversity and whether such a loss was recent or more ancient (Vigilant and Guschanski, 2009) . Today, even whole populations can be studied by sampling all individuals (Gray et al., 2010; Robbins et al., 2011b) . Like museum material, this genetic material can serve as the basis for the study of many questions.
To fully understand gorilla evolution, however, it is not sufficient to study material stored in museums and gene banks; the direct observation of the animals in interaction with each other and with their environment provides additional invaluable information. In any case, researchers are interested in the conservation of their study subjects -and many of them actively contribute to their protection. In fact, the presence and interest of researchers can be an important factor for the protection of the gorillas (Tranquilli et al., 2011) .
What would be lost for the countries and the people?
Gorillas are charismatic animals that can help to explain the importance of conservation during public awareness campaigns and environmental education. They can draw the attention of local people to the natural resources in their immediate environment. To protect and save these resources is of course not only in the interest of foreign researchers and tourists, but it is important for the future of the countries themselves and the people living there.
For the countries where gorillas live, these animals are not only a flagship species for conservation, but in some cases also an important source of income -particularly where gorilla tourism is practiced. If gorillas become extinct, the authorities may not see any reason to continue the effective protection of the areas where these apes used to live and we would see further loss of forests that are so important to a myriad of wildlife species.
Thus, it is clear that it is not only the gorillas themselves that have to be protected, but also their environment; this cannot be separated because gorillas are not able to survive outside the forest (if they are to survive in a natural environment). An important example of how deforestation can create knock on effects that further put wildlife at risk is the danger of mudslides close to mountains. Close to the Virunga Volcanoes, much of the forest on the mountain slopes was cut during the last few decades, and as a result catastrophic mudslides have become common after heavy rains; potentially destroying whole villages. In addition, deforestation further impacts humans as forested areas often act as water catchments and provide many ecosystem services.
What can we do?
If we want to protect endangered species and preserve them for future generations, surveys are the first step. Such studies have shown in many cases that healthy gorilla populations still survive in remote areas. While a few decades ago a survey always meant a visit to the area, today it is possible to identify potential distribution areas by satellite imaging and remotely sensed data. As Richard Bergl and others (2010) write, by using remotely sensed data 'valuable insights into habitat availability, fragmentation and corridors are possible with relatively small investments of time and money.' These analyses allow survey teams to focus on certain areas in which to conduct transects, during which they map the habitat and identify threats to the forest and the gorillas. Their findings are the basis for planning further research and conservation measures.
To establish protected areas and effectively enforce their conservation is the central gorilla protection activity (Tranquilli et al., 2011) . Even local communities have successfully created reserves for gorillas with support of conservation organisations (Bergl et al., 2010) . Additional conservation measures can be very different and have to be planned individually for each area. First of all the situation of the gorillas, their habitat and the human population living close to/ in the forest has to be evaluated carefully; this is the basis for the planning of conservation activities.
For some populations, a very special approach may be necessary. In the Virunga Volcanoes, constant monitoring and veterinary management resulted in increased gorilla population growth. According to Robbins and others (2011a) , extreme measures were needed to achieve this in addition to conventional conservation efforts. It has to be mentioned, however, that such extreme conservation may influence the natural behavior or life history of a species, potentially disrupting natural selection and introducing new threats. Such measures that are extremely expensive are not possible everywhere of course, but in many areas it is possible to protect gorillas with much smaller financial resources, if the conservation activities are planned carefully and individually, and evaluated constantly.
Many of the gorilla populations that Emlen and Schaller (1960) found in their survey have disappeared -nobody knows when and how it happened exactly, but in general their habitat was destroyed. The same fate threatens several gorilla populations now in many parts of their range. We may not be able to save all the populations -but we should at least try our best to save them for as long as possible. For research, for conservation of the ecosystem (of which gorillas are an important component), for local human populations and for the gorillas themselves. Even taxonomic studies are certainly much more exciting if living populations are the study subjects instead of extinct ones.
On the other hand, researchers should not ignore the threats to their subjects. Colin Groves has a very clear position: 'More and more, the work of taxonomists and other biologists must be put at the service of conservation' (Groves, 2003) . And he himself is the best example for a scientist who takes this responsibility seriously.
